Heterodimerization among the basic-leucine zipper (bZIP) proteins or among the basic-helix ± loop ± helixleucine zipper (bHLHZip) proteins confers a multitude of combinational activities to these transcription factors. To further examine the function of the bHLHZip protein, USF, we screened for cellular proteins which could directly interact with USF using the yeast two-hybrid system. A bZip protein, Fra1, was found to eciently interact with USF. USF speci®cally interacts with Fra1 but not with other closely related family members, c-Fos, Fra2, FosB, or with c-Jun. Both the bHLHZip and the N-terminal regions of Fra1 are required for ecient interaction with USF. In vivo association between USF and Fra1 has been demonstrated by co-immunoprecipitation. Expression of exogenous USF led to a decrease in AP1-dependent transcription in F9 cells. Co-expression of exogenous Fra1 restored the AP1 activity in a dosedependent manner. These data show that USF and Fra1 physically and functionally interact demonstrating that cross-talk occurs between factors of distantly related transcription families.
Introduction
Heterodimer formation among the basic-leucine zipper (bZip) proteins as well as among the basic-helix ± loop ± helix-leucine zipper (bHLHZip) proteins is well documented. Members of each family usually have similar dimerization properties and DNA binding speci®cities. For instance, bZip proteins of the Fos and Jun families can form homodimers or heterodimers which bind to the palindromic TGA(C/G)TCA recognition sequence (reviewed in Angel and Karin, 1991) . A preferential formation of Fos and Jun heterodimers, however, occurs due to electrostatic interactions in the leucine zipper regions of both of these proteins (Glover and Harrison, 1995; Lumb and Kim, 1995; O'Shea et al., 1992) . Heterodimerization among bZip proteins has been extensively demonstrated between dierent bZip families (e.g. between the Fos/Jun and ATF/CREB family proteins (Hai and Corran, 1991) or between the Fos/Jun and Maf/Nrl family proteins (Kataoka et al., 1994; Kerppola and Curran, 1994) ). Ecient dimer formation of bHLHZip proteins appears to be mediated by both the HLH motif and the leucine zipper. For example, both the HLH and leucine zipper motifs are necessary and sucient for in vivo trans-dominant repression of TFE3, and the leucine zipper motifs of TFE3 and USF provide dimerization speci®city (Beckmann et al., 1991) . Circular dichroism spectroscopy studies have revealed that the bHLH region of USF, in the absence of the leucine zipper, formed a homodimer in solution, although binding of the USF bHLH region alone to its speci®c DNA sequence was not detected by a gel mobility shift assay (FerreÂ -d'AmareÂ et al., 1994) .
Interactions are not limited within these closely related families. Positive and negative regulatory interactions between Fos/Jun and nuclear receptors also have been reported (reviewed in Miner et al., 1991) . Several gene promoters responsive to Fos/Jun are repressed by the glucocorticoid and retinoic acid receptors in cotransfection assays, and conversely, the activation of the promoters of nuclear receptorresponsive genes is repressed by overexpression of Fos and Jun (Jonat et al., 1990; Lucibello et al., 1990; Nicholson et al., 1990; Owen et al., 1990; SchuÈ le et al., 1990a,b; Yang-Yen et al., 1990a) . Heterodimer formation can occur between a bHLHZip protein and a dierent class of proteins. For example, Id, a HLH protein with no basic motif, forms heterodimers with bHLHZip MyoD or E2A proteins and inhibits the ability of MyoD to trans-activate a muscle-speci®c reporter gene (reviewed in Weintraub et al., 1991) . In Drosophila, a HLH protein emc lacking a basic motif, acts as a negative regulator of the bHLHZip protein achaete-scute (Ellis et al., 1990; Garrell and Modolell, 1990) . Moreover, the bZip protein, Jun, and the bHLHZip protein, MyoD, form complexes and mutually down-regulate their transactivation (Bengal et al., 1992) . Finally, it was reported that in vitro Fos interacts with FIP, a bHLHZip protein, closely related to USF (Blanar and Rutter, 1992) , although the selectivity of this interaction was not well investigated.
USF, for upstream stimulatory factor, has been characterized as a protein which binds to the CACGTG sequence located immediately upstream of the TATA element of the adenovirus major late promoter (Sawadogo and Roeder, 1985) and activates transcription in vitro (Pognonec and Roeder, 1991; Sawadogo and Roeder, 1985) . The recognition sequence of USF is present in promoters of a number of cellular genes (Bresnick and Felsenfeld, 1993; Chang et al., 1992; Cogswell et al., 1995; Outram and Owen, 1994; Read et al., 1993; Reisman and Rotter, 1993; Wang and Sul, 1995) . USF is a member of the bHLHZip family and exhibits closely related characteristics to another bHLHZip family member, Myc. Recently, an inhibitory eect of USF in Ras-mediated transformation has been reported (Aperlo et al., 1996; Luo and Sawadogo, 1996) .
To examine the biological activities of USF, we isolated a USF interaction partner using the yeast twohybrid screening method. Here we show that the bHLHZip protein, USF, eciently forms a heterodimer with the bZip protein, Fra1. USF appears to down-regulate AP1 activity, since expression of exogenous USF caused a decrease in AP1-dependent transcription in F9 cells and co-expression of exogenous Fra1 compensated this decrease. Possible cross-family interactions are discussed.
Results

Isolation of a USF-binding protein by the yeast two-hybrid system
To investigate possible interactions between USF and other cellular proteins, we screened for USF-binding proteins using the yeast two-hybrid system (Fields and Song, 1989) . The entire coding region of the USF protein fused to the GAL4 DNA binding domain (BD) was used to screen a yeast library that expresses GAL4 activation domain (AD)-tagged HeLa cDNAs. Of 4.8610 6 transformants, only two clones displayed HIS3 + and LacZ + phenotypes. Both of these clones contained the entire coding sequence of the human fra1 cDNA in-frame with the activation domain. The junction with the activation domain is 15 amino acids upstream of the initiator methionine of the fra1 cDNA.
Selective interaction between USF and Fra1
To determine speci®city of the USF/Fra1 interaction, the two-hybrid assay system was used to investigate interactions of USF with Fra1, c-Fos and c-Jun (Figure 1a ). This assay system has been successfully employed for studying bZip protein interactions (Chevray and Nathans, 1992) . Full length USF, Fra1, c-Fos and c-Jun proteins as well as the bZip regions of Fra1, c-Fos and c-Jun were each fused to BD or AD. Since the full length Fra1, Fos and Jun proteins fused to BD showed high transcriptional activities in the absence of an AD-tagged protein (data not shown), only interactions with the bZip regions fused to BD of these proteins were assayed (Figure 1a) .
The combination of USF-BD and USF-AD, denoted as USF-BD+USF-AD hereafter, showed a signi®cant interaction, which reproduced USF homodimer formation in solution in the absence of its DNA binding sequence . USFBD+Fra1-AD displayed higher b-galactosidase (bgal) activity (9.00 units) than that observed for the USF homodimer (3.12 units), suggesting that the interaction between USF and Fra1 is more ecient than USF homodimers. In contrast, USF-BD did not show detectable interaction with full length c-Fos and c-Jun or the bZip regions of c-Fos and c-Jun. This was not due to low level expression of these proteins, since the bZip regions of c-Fos (FosbZip-BD) eciently interacted with both forms of c-Jun (Jun-AD and JunbZip-AD), and similarly, JunbZip-BD interacted with both Fos-AD and FosbZip-AD. Consistent with previous studies (Chevray and Nathans, 1992; Smeal et al., 1989) , formation of the Jun ± Jun homodimers appeared to be less ecient than heterodimer formation.
To further examine the speci®city of USF interactions, other members of the Fos family were tested (Figure 1b) . The b-gal activities of USF-BD with Fra2-AD or FosB-AD were almost indistinguishable from basal level activity and much less (by a factor of more than 24-fold) than that of USF with Fra1. Yet, Fra2-AD and FosB-AD interacted with JunbZip-BD as measured by high b-gal activities. This indicates that the interaction of USF with Fra1 is highly selective and that close family members, Fra2 and FosB, do not associate with USF. All results obtained in liquid b-gal assays were con®rmed by ®lter assays using 5-bromo-4-chloro-3-indolyl-b-D-galactopyranoside (X-gal).
Regions required for USF/Fra1 interaction
The leucine zipper domain of bZip proteins is generally the major determinant for dimerization speci®city between the bZip proteins (reviewed in Kerppola and Curran, 1995) . Therefore, using a set of truncated Fra1 mutants, we examined whether a region (amino acids 88 ± 227) encompassing the bZip region of Fra1 is sucient for interaction with the full length USF (Figure 2a ). The activity with the bZip region of Fra1 was approximately 12-fold lower than that observed with the full length Fra1, yet it was signi®cantly higher than the basal level ( Figure 2b ). This reduced activity is not due to a lower level expression of Fra1bZip, since Fra1-AD and Fra1bZip-AD had comparably high activities in combination with JunbZip-BD. The activity by Fra1bZip-BD+USF-AD was not higher than the basal level (Figure 1a) , probably because the expression vector for the BD fusion proteins (pGBT9) has a weaker expression activity and therefore a weakly interacting protein tends to exhibit less activity. Deletion of C-terminal 44 amino acids did not reduce this interaction, indicating that the region of interaction is located in the N-terminal domain. However, the N-terminal region alone, extending to the basic region, failed to interact with USF. Thus we conclude that both the bZip and an N-terminal regions are integral parts of the interaction interface.
In vitro interactions
To con®rm the results obtained in yeast, interactions between in vitro-translated full length USF, Fra1 and Fos proteins were examined. An [ 35 S]methionine labeled protein was mixed with a non-labeled FLAGtagged protein bound to Sepharose resin. Following multiple rounds of washing, associated labeled proteins were detected by SDS ± PAGE and autoradiography. USF eciently pulled down labeled Fra1 as well as USF proteins (Figure 3a , left panel). Similarly, Fra1 successfully precipitated USF and Jun precipitated Fra1 and Fos ( Figure 3a , right panel). Under the same conditions, however, precipitation was not observed for the combination of USF-Fos, Fra1-Fos and Jun-USF. Similarly, USF distinguished Fra1 from FosB while Jun bound both proteins equally ( Figure  3b ). Agarose beads alone failed to trap any labeled protein under the conditions used. In conclusion, these in vitro results are highly consistent with the twohybrid assays con®rming a speci®c physical interaction between USF and Fra1.
In vivo interactions
To address whether this interaction is physiologically relevant, we performed co-immunoprecipitation assays of endogenous USF. Fra1 is marginally expressed in most cells and inducible following serum-stimulation of starved cells (Cohen and Curran, 1988) . By transiently transfecting a plasmid expressing signi®cant levels of Fra1, we mimicked this induced expression. A resin coated with anti-FLAG antibody brought down a 43 kd protein from nuclear extract prepared from Cos1 cells transfected with a plasmid expressing FLAG-Fra1 (Figure 4a , lane 1) but not from nuclear extract prepared from Cos1 cells transfected with an empty vector (lane 3). This 43 kd protein was speci®cally visualized by Western blot analysis using a USF antiserum. However a resin coated with anti-HA antibody failed to bring down this 43 kd product (lane 2). By including recombinant USF protein in the binding reaction with the USF antiserum, the 43 kd band was no longer detected ( Figure 4b , lane 2). Taken together, these results strongly suggest that: (i) the 43 kd protein was precipitated through its interaction with Fra1, and (ii) this 43 kd protein is indeed USF. Therefore, these two proteins can exist as a complex in vivo.
USF/Fra1 interactions are functionally relevant
In order to determine whether the USF/Fra1 interactions reported here are functionally relevant, we analysed the eect of USF in an AP1-dependent transcription assay. We chose the F9 cells as a model system. F9 cells are a murine teratocarcinoma cell line lacking AP1 activity, that has been widely used in the functional analysis of AP1 constituents following transfection of their respective cDNAs (Chiu et al., 1988; Yang-Yen et al., 1990b) . F9 cells have very low levels of c-Fos, FosB and Fra proteins, thus making them well suited for the study of a potential modulation of exogenously expressed Fra1 activity. Since Fra1 transcriptional potential is rather modest as compared to that of Fos (Wisdom and Verma, 1993; et al., 1995) , and since Jun is the limiting factor of AP1 activity in F9 cells, we did not detect a strong transactivation of an AP1-driven TK-luciferase reporter following F9 transfection with a Fra1 expression vector alone (approximately 3.5-fold, Figure 5 ). However, this limited transactivation was aected by coexpression of a USF expression vector, suggesting that USF was repressing this modest Fra1 transactivation. USF alone did not signi®cantly aect the level of expression of the reporter construct in the absence of exogenously expressed Fra1, indicating that endogenous factors responsible for the low basal level of expression are not aected by USF ( Figure 5 ). As shown in Figure 6 , exogenous expression of Jun in F9 cells restores AP1 activity, mainly by forming Jun ± Jun homodimers, as well as heterodimeric complexes with the other endogenous partners present in low amounts, such as the Fos and Fra members (Chiu et al., 1988; Yang-Yen et al., 1990b) . Unexpectedly, coexpression of USF under these conditions resulted in a dramatic and reproducible suppression of the Jun transactivation potential, even though none of our results suggested any direct interaction between Jun and USF. We then reasoned that if USF interacts with Fra1, this unexpected USF-driven inhibition of AP1 activity may be modulated following Fra1 coexpression. As seen in Figure 6 , this is what we indeed observed. Cotransfection of Jun and USF expression vectors together with increasing amounts of a Fra1 expression vector relieved the inhibitory eect of USF on Jundependent AP1 activity in a dose-dependent manner, whereas, in good agreement with previous reports (Suzuki et al., 1991; Yoshioka et al., 1995) , Fra1 alone was unable to positively aect Jun activity.
Taken together, these results indicate that AP1 activity is aected by USF and that this eect is relieved by Fra1 in a dose-dependent manner. Thus, the interactions reported here between USF and Fra1 in yeast, in vitro, and in the cell, are functionally relevant at the cellular level.
Discussion
In this report, we identi®ed the bZip protein, Fra1, as a speci®c partner of the bHLHZip protein, USF. The USF/Fra1 interaction appears to be highly selective, since no other bZip proteins tested, including c-Fos, FosB, Fra2 or c-Jun, were found to interact with USF. It was shown that a closely related USF protein, FIP, interacts with Fos (Blanar and Rutter, 1992). Taken together, it appears that these bHLHZip USF family Functional interaction between USF and Fra1 P Pognonec et al
Since the bZip region alone of Fra1 is not sucient for the full interaction, it is possible that the mode of interaction is totally distinct from that previously described between other bZip proteins. Alternatively, the interaction may be mediated in a manner similar to that of Fos/Jun dimerization. We favor this latter possibility, since (1) Fra1bZip-AD displayed a signi®cant interaction with USF (more than six times higher than those between USF and Fos or Jun), and (2) the amino acid residues in the Fra1 and USF leucine zippers could allow the formation of interhelical salt bridges as observed for the Fos/Jun heterodimer. In this case, the N-terminal region of Fra1 would provide an additional moiety of the Fra1 interaction interface with USF and would stabilize the interaction between the leucine zippers. Given the contributory role of the Fra1 N-terminus, it is also conceivable that this latter eect may somehow modulate the interaction between these proteins in vivo possibly via post-translational modi®cations. Mutational analyses of the charged amino acid residues of the Fra1 and USF leucine zipper motifs should help elucidate the molecular basis of this speci®c interaction. We demonstrated that USF inhibits AP1-dependent activity in F9 cells and that this inhibition could be restored by co-expression of Fra1. We showed that USF interferes with the low transactivation activity following Fra1 transfection in F9 cells, and unexpectedly with the Jun-dependent AP1 activity. This latter inhibition was relieved by co-expression of Fra1, functionally con®rming the USF/Fra1 interaction reporterd here. The unexpected USF-driven inhibition of Jun activity cannot be easily explained as the simple result of an interaction between USF and Fra1, since Fra1 is present at low levels in F9 cells, and thus most of the AP1 activity detected following Jun transfection results from the formation of Jun ± Jun homodimers. A direct eect of USF on Jun homodimers also seems unlikely, since several results (this paper and data not shown) failed to detect any interaction between the two proteins. One possible explanation could be that USF interferes with a ternary factor such as CBP or the recently reported JAB1 factor (Arias et al., 1994; Claret et al., 1996) , resulting in the observed drop of Jun activity. Additional experiments are required to further investigate this hypothesis. It remains clear, however, that this AP1 inhibition by USF is relieved in a dosedependent manner by Fra1 (Figure 6 ). This strongly suggests that USF indeed functionally interacts with Fra1.
Three possibilities for the USF/Fra1 binding properties and mechanisms of action on the AP1 activity are conceivable.
(1) The USF/Fra1 and FIP/Fos heterodimers may speci®cally bind to the AP1 site. USF interacts with Fra1 but not c-Fos, whereas FIP interacts with c-Fos. With respect to the AP1 activity in F9 cells, USF is inhibitory ( Figure 5 ) but FIP is stimulatory (Blanar and Rutter, 1992) . These observations are due to direct binding of the heterodimers to the AP1 site and re¯ect that Fra1 has a much weaker transactivation activity than c-Fos (Suzuki et al., 1991; Wisdom and Verma, 1993) ; (2) The heterodimers do not bind to the AP1 site. In this case USF and FIP sequester Fra1 and c-Fos, respectively. Although predicted eects of USF and FIP on the AP1 activity by the sequestration are contradictory, this could be due to compositional changes of Fos/Jun members in the AP1 complex. In addition, although USF did not interact with other Fos members in the two-hybrid system, we cannot absolutely exclude the possibility that USF could sequester another Fos-related protein, thus down-regulating AP1 activity; (3) The heterodimers recognize a composite or an unrelated sequence, which also results in the sequestration. Attempts to identify such a binding site by several rounds of PCR ampli®cation of bound oligonucleotides failed to reveal any clear speci®c consensus binding site. Furthermore, and despite both the biochemical and functional evidence of USF-Fra1 interaction reported in this work, we did not succeed in visualizing this interaction by gel mobility shift assay, using consensus binding sites for AP1 or USF, or a chimeric AP1/USF binding site in which a 0, 1 or 2 nucleotide spacer was inserted in the center.
USF inhibits the transformation of rat ®broblast FR3T3 cells mediated by Ha-Ras (Aperlo et al., 1996) and rat embryo ®broblasts (REFs) by Ha-Ras and Myc (Luo and Sawadogo, 1996) . Although it was argued that the USF homodimer competes with Myc/ Max for the E-box binding site, the bHLHZip of USF is not sucient, yet is absolutely required, for the ecient inhibition of transformation. These observations could partly mirror consequences of the selective interaction between USF and Fra1. Since the AP1 activity is regulated by Ras through the signal transduction pathway (reviewed in Karin 1995) , USF/ Fra1 binding to the AP1 site would block the activation signal from Ras. Alternatively, if Fra1 has a positive role in transactivation as reported for the human involucrin gene (Welter et al., 1995) , sequestering of Fra1 by USF could lead to inhibition of the Ras-mediated transformation. It was also reported that FIP exhibits additional activities compared to USF on E1A-mediated transformation and HeLa cell colony formation (Luo and Sawadogo, 1996) . Thus, an intriguing possibility is that the distinct interaction activities of USF and FIP dierentially specify the state of transformation and cell growth.
What is the physical role of the ubiquitously expressed protein, USF, in modulating AP1 activity? We can hypothesize that USF may function like Id, which is expressed in many cell lines and tissues and is thought to regulate myogenesis through interaction with MyoD. Overexpression of Id protein blocks dierentiation of the C2C12 muscle cell line (Jen et al., 1992) , and the forced dimer of MyoD and E47 which is resistant to Id acts as a dominant positive myogenic factor (Neuhold and Wold, 1993) . Another intriguing parallel is that c-Jun and MyoD form a complex and thereby inhibit their binding to their cognate DNA sequences. We hypothesize that one of the roles of USF is to in¯uence and antagonize the AP1 activity in a transformation-and cell growthcontext.
Materials and methods
Plasmid constructions
pGALbdUSF, which expresses the fusion protein of the GAL4 DNA binding domain with the full length USF in Functional interaction between USF and Fra1 P Pognonec et al yeast, was constructed by inserting the entire coding sequence of a human USF cDNA (Gregor et al., 1990) into pGBT9 (Clontech) and employed for the screening. Yeast expression vectors used for titration of two-hybrid interaction activity are pGBT9 and pGADGH (Clontech). The full length or truncated cDNAs of human USF, c-fos, fra1 and c-jun as well as mouse fra2 (Foletta et al., 1994) and fosB (Zerial et al., 1989) were cloned in these vectors. For in vitro translation, the inserts were subcloned into pBluescriptSK-with appropriate restriction enzymes. For the co-immunoprecipitation assay, FLAG-tagged Fra1 cDNA was driven by the cytomegalovirus immediate early promoter in pEGFP (Promega).
Two-hybrid screening and interaction assays
Procedures for the yeast two-hybrid screening and the bgalactosidase (b-gal) assay were performed essentially as described by the manufacturer (Clontech). Brie¯y, HF7c yeast cells bearing pGALbdUSF were transformed with a HeLa cDNA expression library in pGADGH. Clones with the HIS3 + and LacZ + phenotypes were isolated and cultured in the presence of tryptophan. Plasmids were recovered from the cured yeast cells and analysed by sequencing. Protein ± protein interaction activities were measured for b-gal activities by combinational expression of a protein fused with the GAL4 DNA binding domain and a protein fused with the GAL4 activation domain in the yeast indicator strain SFY526. Calculation of b-gal activity unit was determined as previously described (Ausubel et al., 1990) .
In vitro interaction assay USF, Fra1, c-Fos and c-Jun proteins were synthesized in rabbit reticulocyte lysates programmed with the in vitrotranscribed mRNA in the presence of [ 35 S]methionine or unlabeled methionine according to the protocol recommended by the manufacturer (Promega). A mixture of nonlabeled FLAG-tagged protein and a non-tagged protein labeled with [ 35 S]methionine was incubated for 30 min at 378C in phosphate-buered saline (PBS) containing 0.02% NP40 and allowed to bind to anti-FLAG M2 monoclonal antibody anity resin (IBI/KODAK) for 1 h at 48C. The resin was collected by centrifugation and washed four times with PBS containing 0.02% NP40. The retained proteins were suspended in the sample buer and heated for 5 min at 958C. The eluted proteins were analysed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS ± PAGE) and autoradiography.
Co-immunoprecipitation assay
The plasmid expressing FLAG-tagged Fra1 or a control vector were transfected in Cos1 cells by the calcium phosphate coprecipitation method. Cells were harvested 48 h later and nuclear extracts were prepared as follows. Cell pellets were suspended in lysis buer (50 mM Tris-HCl (pH 7.9), 10 mM NaCl, 3 mM MgCl 2 , 1 mM EGTA, 1 mM PMSF and 0.5% NP40) and resultant nuclei were washed in the same buer. Nuclei were lysed in the lysis buer containing 0.5 M NaCl and centrifuged at 13 000 g for 30 min at 48C. The nuclear extracts (approximately 300 mg per each sample) were adjusted to 150 mM NaCl by dilution and incubated with anti-FLAG M2 anity resin or anti-HA monoclonal antibody-bearing resin for 2 h at 48C by rotation. After washing four times in lysis buer containing 150 mM NaCl, the resin was suspended in SDS sample buer and heat-treated. Proteins were then separated on a 12% SDS ± PAGE and analysed by ECL Western blotting using a rabbit antiserum prepared against the bacterially expressed USF minimal DNA-binding domain (amino acids 196 ± 310) . In order to assess the speci®city of the reactive bands detected by Western analysis, this serum was also used with an excess of the recombinant protein in order to block its speci®c activity.
In vivo eects on AP1 transcriptional activity Exponentially growing F9 cells were transfected using the calcium phosphate procedure. All transfection results were standardized according to b-gal activity monitored with Galacto-Light (Tropix). The variations observed, usually less than 20%, were independent of the other DNAs transfected. The AP1 activity reporter, 3XTRE-TK-Luc construct, consists of three TRE elements from the human collagenase promoter, inserted at position 7105 of the TK promoter driving the luciferase coding sequence. One hundred ng of 3XTRE-TK-Luc was used per ml of culture medium, as well as 100 ng of CMVb-gal. The transcription factors analysed (Fra1, USF, Jun) were under the control of the CMV promoter, in the pRK vector, and the amount of plasmid (per ml) used are as indicated in the ®gure legends. The total amount of DNA transfected was kept constant at 1 mg/ml using pRK vector, and the precipitate volume was 1/10 of the culture volume. Precipitates were left from 6 to 14 h before rinsing the cells with fresh medium. Lysis was performed 48 to 72 h post-transfection in 25 mM Tris-HCl (pH 7.5), 10% Glycerol, 1% Triton-X-100, 1 mM EDTA and 2 mM DTT. Transcriptional activity was measured by monitoring the luciferase activity of the supernatant. All experiments were done independently and at least in triplicate.
